Background
Introduction
Although obesity in young individuals is an established risk factor for cardiovascular disease (CVD), the effect of obesity in the elderly seems to dilute with advancing age, rising towards controversial discussions [1, 2] . The discrepancy between the findings at younger versus older ages suggests that additional factors may alter the effect of obesity on risk of CVD. It is well known that the presence of metabolic syndrome (a cluster of cardiovascular risk factors including hypertension, dyslipidemia, hyperglycemia and abdominal obesity) differs among individuals with similar body mass index (BMI), which indicates that the risk of CVD within specific categories of BMI could be heterogeneous [3, 4] . In this context, recent interest has focused on a subgroup of obese individuals, termed the metabolically healthy obese (MHO), who despite their increased BMI (BMI30kg/m 2 ) seem to have an adequate metabolic profile and do not have metabolic syndrome [3, 5] .
The effect of being MHO on health outcomes remains controversial. While some studies have reported no increased risk of CVD among MHO individuals [4, [5] [6] [7] , several other studies have shown an increased risk of CVD in this group [8] [9] [10] [11] . For example, a 17 year follow-up study of adults aged 39-63 years found an increased CVD risk for MHO individuals [8] . In contrast, another study in women of 45 years and older, with 10 years follow-up, found no increased CVD risk for obese individuals without metabolic syndrome [7] . It is important to note that in these studies the mean age was below 65 years, indicating that information among the elderly is scarce. In the elderly, the relation between body weight, body composition, and health behaviors is different than in younger adults [12, 13] . Therefore, the impact of being MHO could differ between younger, middle-aged and elderly adults.
In the current study, we aimed to study the role of being MHO in association with risk of CVD in middle-aged and elderly individuals. We sought to examine the association of metabolic syndrome with CVD among different BMI categories and to examine the contribution of metabolic syndrome to the association between BMI and CVD.
Methods

Study design, setting, and population
This study was embedded within the Rotterdam Study (RS), a prospective population-based cohort study among subjects aged 55 years or older in the municipality of Rotterdam, the Netherlands [14] . The baseline examination of the initial cohort (RS-I) was completed between 1990 and 1993. In 2000-2001, the Rotterdam Study was extended (RS-II) with 3,011 participants who had become 55 years old or had moved into the study district. For the current study, we used data from the participants attending the third examination of the original cohort (RS-I visit 3, between 1997 and 1999; n = 4,797) and the participants attending the first examination of the second cohort (RS-II visit 1, between 2000 and 2001; n = 3,011). We excluded all participants with a history of CVD (coronary heart disease, cerebrovascular disease, or heart failure) at baseline (n = 1,505), those who did not visit the research center at baseline for assessment of cardiovascular risk factors or BMI (n = 660), those who did not have fasting plasma measurements (n = 289), and finally those who were underweight (BMI <18.5 kg/m 2 ) at baseline (n = 40). This left a total of 5,314 individuals eligible for the present analyses. 
Assessment of anthropometric, lifestyle exposures, and laboratory measurements
Height and weight were measured with the participants standing without shoes and heavy outer garments. BMI was calculated as weight divided by height squared (kg/m 2 ). Waist circumference was measured at the level midway between the lower rib margin and the iliac crest with participants in standing position without heavy outer garments and with emptied pockets, breathing out gently. Information on education ( high school, < high school), smoking status (current or former/never), alcohol use (drinking alcohol or not), and physical activity [15] were obtained through interview. Blood pressure was measured in seated position and averaged across two measures. Fasting triglycerides, total cholesterol and high-density lipoprotein (HDL) cholesterol and glucose levels were measured using standard laboratory techniques [16, 17] . To assess kidney function we estimated the glomerular filtration rate (GFR), using the Chronic Kidney Disease Epidemiology Collaboration CKD-EPI equation [18] . 
Metabolic syndrome and body mass index
Definition of outcome
The main outcome measure under study was incident hard atherosclerotic CVD, composed of fatal and non-fatal myocardial infarction, other coronary heart disease mortality, and fatal and non-fatal stroke [20] . Definite and possible fatal coronary heart disease events are coded by using the definitions applied within the Cardiovascular Health Study and Atherosclerosis Risk in the Communities Study [21] . Stroke is defined as a syndrome of rapidly developing clinical signs of focal (or global) disturbance of cerebral function, with symptoms lasting 24 hours or longer or leading to death, with no apparent origin other than vascular [22] . Data on incident CVD is collected using an automated follow-up system, through gathering information from general practitioners in the study area and subsequent collection of information from letters of medical specialists and discharge reports in case of hospitalization. A consensus panel, led by a physician with expertise in field, adjudicated the diagnosis using standardized definitions. The follow-up was complete until January 1, 2012.
Statistical analysis
Baseline characteristics of the study population are presented as mean ± SD (or frequency and percentage when appropriate) for the 6 phenotypes formed by the metabolic syndrome across different BMI categories. In our main analysis, we used Cox proportional hazard regression analysis to estimate the hazard ratio (HR) and 95% confidence interval (95%CI) for the six phenotypes described above in association with CVD, using normal weight without metabolic syndrome as the reference category. Additionally, we separately estimated the HR and 95%CI for the associations of the BMI categories and metabolic syndrome with CVD. Proportional hazards assumptions were confirmed in all Cox models, by visually comparing the Kaplan-Meier curves of the different groups. The models were adjusted for age, gender, smoking, cholesterol level, lipid-lowering medication use, GFR, alcohol use, education and physical activity. We decided a priori not to adjust for systolic blood pressure, triglycerides, HDL cholesterol, glucose, diabetes mellitus, and waist circumference, as they are all part of the definition of metabolic syndrome [9] . Kaplan Meier analyses and log rank tests were used to build plots for CVD incidence trends among the BMI categories, metabolic syndrome status and the joint BMI and metabolic syndrome phenotypes. We did not observe a significant association of gender with either BMI, metabolic syndrome or the joint BMI and metabolic syndrome phenotypes. Moreover, we did not find an interaction between BMI and metabolic syndrome.
In a mediation analysis, we examined whether metabolic syndrome could be considered a mediator in the association between BMI and CVD risk. The percentage of excess risk mediated was calculated as [(HR con adj − HR con + med adj )/(HR con adj − 1)] × 100%, where HR con adj is the confounder-adjusted HR for CVD and HR con + med adj is the confounder and mediatoradjusted HR [23] .
Sensitivity analyses. Due to the high competing risk of non-CVD death among the elderly, we performed a competing risk analysis using the method proposed by Fine and Gray [24] . Additionally, we repeated the main analysis in participants older than 65, to specifically examine the associations in the elderly. Although there was no interaction between BMI or metabolic syndrome with gender, we repeated our main analysis in men and women, because of gender-differences in body fat distribution. Moreover, to show the independence of metabolic syndrome over BMI, we adjusted for BMI (continuously and categorical) in the association of metabolic status with CVD. Finally, to investigate the dose-response relation between metabolic syndrome and CVD, we evaluated the risk of CVD according to the presence of one, two, three, four, or five components of the metabolic syndrome.
Co-variables were missing in less than 5% of the participants, with the exception of treatment for hypertension, which had 7.7% missing. We used the single imputation by the Expectation Maximization method in SPSS. The analyses were performed using IBM SPSS Statistics for Windows (IBM SPSS Statistics for Windows, Armonk, NY: IBM Corp) and R version 3.1.3 (R Foundation for Statistical Computing, Vienna, Austria).
Results
Characteristics of the study participants, stratified by BMI and metabolic syndrome, are shown in Table 1 . Among all participants, 57.2% (n = 3,038) were without metabolic syndrome and 19.7% (n = 1,048) were obese. The MHO phenotype represented 4.9% (n = 260) of the total study population and 24.8% of the obese population. MHO subjects were more often women and reported more physical activity compared to obese individuals with metabolic syndrome. During a median follow-up of 10.3 years (interquartile range: 8.1-11.7 years), there were 861 (16.2%) incident CVD events.
In the association between BMI categories and CVD, we found that being overweight (HR 1.12, 95%CI: 0.96-1.30) or obese (HR 1.18, 95% CI: 0.97-1.44) was not significantly associated with risk of CVD, compared to being normal weight. In contrast, individuals with metabolic syndrome had an increased risk of CVD (HR: 1.27, 95% CI: 1.11-1.46), compared to individuals without metabolic syndrome.
In Table 2 , we present the HRs (95% CIs) for the association between the joint BMI and metabolic syndrome phenotypes with incident CVD. Compared to normal weight subjects without metabolic syndrome, the HRs (95%CIs) were 1.08 (0.89-1.32) in overweight and 1.07 (0.75-1.53) in obese subjects without metabolic syndrome and 1.35 (95%CI, 1.02-1.80) in normal weight, 1.32 (1.09-1.60) in overweight and 1.33 (1.07-1.66) in obese subjects with metabolic syndrome. Fig 1 presents the Kaplan-Meier survival curves of the cumulative incidence of CVD by categories of BMI (Fig 1A) , by presence of metabolic syndrome (Fig 1B) and as a function of the joint BMI and metabolic status phenotypes (Fig 1C) . The cumulative incidences of CVD were not different among categories of BMI (log-rank trend P = 0.395). However, the cumulative incidence was higher in individuals with metabolic syndrome compared to those without (log-rank trend P<0.001). As expected, the cumulative incidence of CVD was higher in normal weight, overweight and obese individuals with metabolic syndrome, than in individuals without metabolic syndrome (log-rank trend P < 0.001). In the mediation analysis (Table 3) , the percentage of excess risk mediated by metabolic syndrome in the association between BMI (as a continuous variable) and CVD was 71.3%; that is, 71.3% of the association between BMI and CVD could be explained by metabolic syndrome. By categorizing BMI, this proportion increased up to 73.1%. Sensitivity analyses S1 Table shows that the HRs (95%CIs) from the competing risk approach were not substantially different from our original analysis. Additionally, when we repeated the main analysis in adults 65 and older, or in men and women separately, we found similar results (S2 and S3 Tables). Moreover, the association of metabolic status with CVD did not largely change after we further adjusted for BMI (S4 Table) . The new HR (95%CI) of the presence of metabolic syndrome was 1.25 (1.08-1.46), when we adjusted for BMI continuously. Finally, when we examined the dose-response relation between metabolic syndrome components and CVD, we observed that the risk of CVD increased stepwise according to the presence of one, two, three, four, or five components of metabolic syndrome (S5 Table) . 
Discussion
In this population-based study of 5,314 middle-aged and elderly individuals, 19.7% of the population was obese, of which 24.8% were without metabolic syndrome (i.e. MHO). Our study yields three key findings. First, compared to normal weight individuals without metabolic syndrome, MHO subjects were not at significant increased risk of CVD. Second, regardless of being normal weight, overweight or obese, the presence of metabolic syndrome consistently increased CVD risk. Third, 71.3% of the association between BMI and CVD was explained by metabolic syndrome. These findings highlight the importance of assessing CVD risk irrespective of BMI in an older population, and stress the importance of metabolic syndrome in the elderly. Previous studies evaluating the association between metabolically healthy obesity and CVD risk have shown inconsistent results [4, [5] [6] [7] [8] [9] [10] [11] . While some studies reported no increased risk of CVD among MHO individuals [4, [5] [6] [7] , several other studies have shown an increased CVD risk in this group [8] [9] [10] [11] . In agreement with our study, Meigs et al., in an 11-year follow-up study of 2,902 men and women (mean age of 53 years), reported that MHO individuals do not have an increased risk of CVD in the Framingham Offspring Study [5] . Similarly, a report from the Women's Ischemia Syndrome Evaluation (WISE) study showed that the presence of metabolic syndrome, but not BMI, predicted 3-year risk of cardiovascular death, in 21 to 86-year-old women referred for angiography [4] . Moreover, a large prospective study of 25,626 women aged 45 years and older, followed up to 10 years, found that MHO individuals were not at increased risk of CVD [7] . Additionally, this study showed that the presence of metabolic syndrome conferred a higher risk of developing CVD than BMI [7] . In contrast with these studies, Hinnouho et al., in a 17 year follow-up study, including men and women aged 35-55 years, found that MHO individuals were at increased risk of incident CVD, compared with normal weight individuals without metabolic syndrome [8] . Moreover, in contrast to our findings, these authors revealed a gradual increased CVD risk for overweight and obese individuals, compared to normal weight persons, both in individuals with and without metabolic syndrome. Similarly to Hinnouho et al, Thomsen et al reported that MHO individuals are at higher risk of developing myocardial infarction and ischemic heart disease [9] . Additionally, this short follow-up (median 3.6 years) study of 71,527 men and women aged 20-100 years showed that both in individuals with and without metabolic syndrome, there were increasing cumulative incidences of myocardial infarction and ischemic heart disease going from normal weight through overweight to obesity. Furthermore, in their study, metabolic syndrome explained only 12% of the risk attributed to BMI in the association with myocardial infarction and ischemic heart disease, whereas in our study metabolic syndrome explained 71.3% of the risk attributed to BMI in association with CVD. The different findings regarding the association between metabolically healthy obesity and CVD risk in the studies mentioned above could reflect differences in the age range of the participants included in the different studies. To explain the importance of age in the association between BMI, metabolic syndrome and CVD, two possibilities could be considered. First, studies have shown that the magnitude of the relation between BMI and CVD risk weakens with age [25] [26] [27] . Indeed, in our study there was no evidence for a dose-response increase in CVD risk within BMI categories in individuals with or without metabolic syndrome, whereas other studies conducted in younger populations showed a progressive increase in CVD risk, going from normal weight through overweight to obesity [8, 9] . Although body weight and BMI may remain relatively unchanged with advancing age, there is a change in body composition, followed by visceral fat increases and muscle mass decreases [28] . Hereby, elderly individuals can be considered overweight by body fat standards, without having a BMI above 25. Consequently, BMI becomes a less accurate reflection of fat mass [29] and BMI alone may therefore not be a precise predictor of cardiovascular risk in elderly. On the other hand, metabolic syndrome is an established predictor of future CVD, and as we also showed in our study, the increased risk of CVD starts with the presence of just one component of the metabolic syndrome. Moreover, the prevalence of metabolic syndrome increases in older individuals [30] and was 42.8% in our population. Consequently, the metabolic syndrome becomes a more relevant condition in the elderly. Taken together, these findings stress the importance of metabolic syndrome over BMI in the development of future CVD among older adults, compared to young adults.
The mechanisms underlying the healthy metabolic profile of metabolically healthy obesity are still unclear. It has been suggested that the location, metabolic activity and histological characteristics of adipose tissue may determine metabolic health among obese individuals, whereas the amount of adipose tissue is less crucial [31] . In addition, the amount of years that an individual has been obese might play a role [32] . Moreover, studies have shown that MHO individuals have lower levels of C-reactive protein [33] and higher levels of insulin sensitivity, compared to obese individuals with metabolic syndrome [34] . Additionally, there is some evidence that obese individuals with metabolic syndrome are less fit than MHO individuals [35] . In our study, MHO participants had higher levels of physical activity than their obese counterparts with metabolic syndrome, which supports this last statement. However, a previous study has proposed that MHO is not a permanent state of the healthy metabolic profile, but rather a transient phase, moving toward glucose-metabolic abnormalities [8] . Therefore, it might be wise to re-evaluate the metabolic status of MHO individuals on a regular basis.
In our study, the presence of metabolic syndrome in normal weight individuals conferred a higher risk of CVD compared to obese individuals without metabolic syndrome, when we compared both groups to normal weight individuals without metabolic syndrome. Moreover, normal weight individuals with metabolic syndrome had a higher cumulative incidence of CVD than obese individuals with metabolic syndrome. Our study showed that the presence of metabolic syndrome in normal weight individuals was accompanied by a higher smoking prevalence and lower levels of physical activity, compared to obese individuals without metabolic syndrome. This finding is in accordance with a previous study [3] , that showed that MHO individuals were more often nonsmokers and met the current physical activity guidelines more frequently than normal weight individuals with metabolic syndrome. Our observation that the cumulative incidence of CVD was higher in normal weight subjects with metabolic syndrome, compared to their obese counterparts, could be explained by the fact that normal weight individuals with metabolic syndrome were older and more often smokers than obese individuals with metabolic syndrome. Moreover, we found that normal weight individuals with metabolic syndrome had a lower proportion of treatment for hypertension at the baseline compared to obese individuals with metabolic syndrome. Remarkably, the baseline systolic blood pressure in both groups was similar. This may suggest that the obese individuals are more likely to be screened for CVD and subsequently receive medication.
Strengths of the current study include the prospective study design, large sample size, long follow-up, high follow-up rate, reliable assessment of CVD events and detailed assessment of lifestyle factors, components of the metabolic syndrome and cardiovascular risk factors. However, several limitations should be considered. First, our conclusions are drawn from the baseline measurements. In our analyses, we were not able to account for changes in BMI and metabolic factors during follow-up. Therefore, a degree of misclassification, due to changes in these risk factors over time might have occurred. Second, our study population included only Caucasian men and women above 55 years. Therefore, results from the present study cannot be generalized to other age-groups or ethnics groups.
To conclude, in our population-based study of middle-aged and elderly adults, MHO individuals were not at increased risk of CVD. However, the presence of the metabolic syndrome was associated with future cardiovascular risk similarly in normal weight, overweight and obese individuals Additionally, we showed that the association between BMI and CVD was largely (73.1%) explained by the presence of metabolic syndrome. Although it remains prudent to recommend weight loss in overweight and obese individuals and the benefits that these interventions can achieve expand beyond cardiovascular events, our results suggest that preventive interventions targeting cardiometabolic risk factors in older individuals should be considered regardless of weight status.
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